Introduction
Quinoa (Chenopodium quinoa Willd.) produces edible grains with high nutritional value for humans and animals. This grain is highly important in the human diet because it is free of gluten and used by people with allergies (Spehar, 2007) , but it also contains protein, amino acids, iron, zinc and other nutrients (Gewehr, Danelli, Melo, Flôres, & Jong, 2012) . The composition of the seed allows for greater storage potential than that of other oil seeds due to the greater chemical stability of the starches and lipids (Marcos Filho, 2015) .
However, quinoa seeds lose viability more rapidly than cereals because of the porosity in the integument, which allows a seed to easily gain or lose moisture and may initiate germination in the panicle (Spehar, 2007) .
Quinoa seed quality is influenced by the low germination rate and reduced vigor (Kappes et al., 2012) , which consequently reduce longevity; i.e., Acta Scientiarum. Agronomy Maringá, v. 39, n. 1, p. 83-88, Jan.-Mar., 2017
lower seed quality reduces the germination percentage. Seed quality is characterized by the sum of the genetic, physical, physiological and sanitary attributes that determine seed performance when sown or stored (Santos, Póla, Barros, & Prete, 2007) . The degree of germination is influenced by intrinsic and extrinsic factors, the latter of which include temperature, relative humidity, oxygen, and the action of fungi and bacteria (Marcos Filho, 2015) .
Seed germination is regulated by the interaction between physiological qualities and environmental conditions in that every plant species has specific germination requirements in terms of the availability of water, temperature, and light as well as sowing depth (Carvalho & Nakagawa, 2012) .
In seed analysis, vigor tests have mainly been used to identify differences associated with the performance of batches of seed during storage and after sowing with the goal of highlighting more effective batches for stand establishment under a wide range of environmental conditions (Marcos Filho, 2015) .
The germination test evaluates physiological quality, but the results do not always correspond to emergence in the field. Vigor parameters, such as germination speed indexes and emergence potential, are used to complement the information obtained in the germination test to evaluate seed performance and the development speed of normal seedlings under a wide diversity of environment conditions (Franzin, Menezes, Garcia, & Wrasse, 2004) .
Considering the expansion of the area under quinoa cultivation, the growing popularity of the grain in domestic and foreign markets, and the deficit of scientific information about the physiological quality of stored seeds, the current study aimed to evaluate the influence of storage period and different temperature conditions on quinoa seed germination. Seeds at physiological maturity were manually collected and arranged in a single layer to achieve a moisture content of approximately 14%. After processing, they were stored in Kraft paper bags under different environmental conditions for periods of 85, 119, 146, 177, and 270 days. For the germination tests, gerbox boxes were cleaned and rinsed with distilled water, and the filter paper was autoclaved at 120°C to minimize contamination. Seeds were selected and manually graded to eliminate any that were damaged or deformed. We evaluated four replicates of 100 seeds for each storage time. The substrate in the germination boxes (11 cm x 11 cm x 3.5 cm) was moistened with water prior to the test to 2.5 times the weight of the dry paper and placed in twin BOD (Biochemical Oxygen Demand) chambers. The experimental treatments included alternating temperatures of 20 and 30°C and a constant temperature of 25°C under a photoperiod of seven hours for both thermal conditions. Furthermore, one of the BOD chambers was under a controlled temperature of 25°C under darkness.
Material and methods

This experiment was carried out in the Seed
The germinated seeds were counted from the third day after sowing, and the experiment was finished when no further radical protrusions were observed after an average of six days. In the germination test, we evaluated the percentage of normal seedlings as recommended by the Rules of Seed Germination, and we considered germinated seeds to be those that developed a primary root and a normal shoot.
The germination index was calculated as the sum of the number of seeds germinated each day divided by the number of days between sowing and germination, following the equation by Maguire (1962) : GI = (G1/N1) + (G2/N2) + (G3/N3) + ... + (Gn/Nn), where:
GI was the germination index; G1, G2, G3, ..., Gn were the number of seedlings that germinated on the first, second, third, etc. until the nth day of counting; N1, N2, N3, ..., Nn were the first, second, third, etc. to the nth day after sowing.
The data were submitted to a normality test, analysis of variance and a response surface using program Genes (Cruz, 2013) .
Results and discussion
In the germination test with alternating temperatures between 20 and 30°C and a photoperiod of 7 hours, there was a linear decrease in the germination of quinoa seeds in relation to storage period over all of the counting days ( Figure 1) .
The relationship cumulative germination percentage rate with the day of counting was Acta Scientiarum. Agronomy Maringá, v. 39, n. 1, p. 83-88, Jan.-Mar., 2017 0.00141 to 0.3616* counting days, according to the derived relationship between cumulative germination and the number of counting days. This variation increased when the number of counting days during the germination test increased and decreased when the seeds were stored for a longer period of time.
Seven days after sowing, the seeds stored for a 270-day period had limited cumulative germination, while the batch composed of seeds stored for shorter periods exhibited germination until the eighth day after the initiation of the germination test. This result is related to seed vigor because greater vigor increases the probability of successful germination. A similar result was observed by Nobre et al. (2013) , who noted that amaranth seeds showed maximum germination and vigor to the point of maturity and then began to decline.
The storage temperature and relative humidity are the main factors affecting the reduction of physiological seed quality (Goldfarb & Queiroga, 2013) . Strenske, Vasconcelos, Herzog, and Malavasi (2015) observed that the germination of stored quinoa seeds was maintained under controlled environmental conditions. The lack of controlled temperature and humidity during the storage period in this assay may explain the decline in the cumulative germination of quinoa seeds. When the quinoa seed germination test was conducted at a constant temperature of 25°C and a photoperiod of seven hours, a linear reduction in cumulative germination with the storage period was also observed, but it was less dependent on the number of counting days (Figure 2) . Therefore, the rate of variation in the cumulative germination was -0.09014 -0.01901* counting days. Under these experimental conditions the value multiplied by the number of counting days is less than the length of the germination test, resulting in a lower effect of the number of counting days.
Regardless of the length of the storage period, germination occurred seven days after sowing, which is relatively fast; the protrusion of the radicle is observed within the first few days. The data obtained during the implementation of this test are similar to the observations of Oliveira and GomesFilho (2009) When the seed germination test was conducted at a constant temperature of 25°C without a photoperiod, there was a linear reduction in the cumulative germination of quinoa seeds during the storage period that was also less dependent on the number of counting days (Figure 3 ) compared to the test with alternating temperatures and a seven-hour photoperiod. Thus, the rate of variation in cumulative germination percentage in relation to the number of counting days was -0.13211 -0.01483* counting days.
Seven days after the start of the germination test, the cumulative seed germination was already limited at any storage period. In contrast, under the germination test condition of a constant temperature The ge approached that the g (Figure 5) 
